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0 Stabilized controlled release formulations having acrylic polymer coating. 

® A stabilized solid controlled release dosage form having a coating derived from an aqueous dispersion of an 
acrylic polymer is obtained by overcoating a substrate including a therapeutically active with an aqueous 
dispersion of the plasticized acrylic polymer and then curing the coated substrate at a temperature above the 
glass transition temperature of the plasticized acrylic polymer, until the coated dosage form attains a stabilized 
dissolution profile substantially unaffected by exposure to storage conditions of elevated temperature and/or 
elevated relative humidity. 
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BACKGROUND OF THE INVENTION 

An important aspect of all forms of low dosage forms is related to the stability of the same. The stability 
of a pharmaceutical dosage form is related to maintaining its physical, chemical, microbiological therapeu- 
tic and toxicological properties when stored, i.e.. in a particular container and environment. Stability study 
requirements are covered, e.g.. in the Good Manufacturing Practices (GMPs). the U.S.P.. as well as m New 
Drug Applications (NDAs) and Investigational New Drug Applications (INDs). 

The ingredients used in sustained release dosage formulations often present special problems with 
reqard to their physical stability during storage. For example, waxes which have been used in such 
formulations are known to undergo physical alterations on prolonged standing, thus precautions are taken to 
stabilize them at the time of manufacture or to prevent the change from occurring. Fats and waxy matenals 
when used in purified states are known to crystallize in unstable forms, causing unpredictable vanations in 
availability rates during stability testing at the time of manufacture and during later storage. 

It is known that certain strategies can be undertaken to obtain stabilized controlled release formulations 
in many cases, such as insuring that the individual ingredients are in a stable form before they are 
incorporated into the product, and that processing does not change this condition, retarding the instabHity 
by including additional additives, and inducing the individual ingredients of the dosage form to reach a 
stable state before the product is finally completed. 

It is also recognized that the moisture content of the product can also influence the stability of the 
product Changes in the hydration level of a polymeric film, such as the ethyl celluloses, can alter the rate 
of water permeation and drug availability. Also, binders such as acacia are known to become ess so ub e 
when exposed to moisture and heat. However, moisture content of a product can be controlled fairly 
successfully by controls in the processing method and proper packaging of the product. 

Hydrophobic polymers such as certain cellulose derivatives, zein, acrylic resins, waxes, higher aliphatic 
alcohols, and polylactic and polyglycolic acids have been used in the prior art to develop controlled release 
dosage forms. Methods of using these polymers to develop controlled release dosage forms such as 
tablete capsules, suppositories, spheroids, beads or microspheres are to overcoat the individual dosage 
units with these hydrophobic polymers. It is known in the prior art that these hydrophobic coatings can tje 
applied either from a solution, suspension or dry. Since most of these polymers have a low solubility in 
water they are usually applied by dissolving the polymer in an organic solvent and spraying the solution 
onto the individual drug forms (such as beads or tablets) and evaporating off the solvent. 

Aqueous dispersions of hydrophobic polymers have been used in the prior art to coat pharmaceutical 
dosage forms for aesthetic reasons such as film coating tablets or beads or for taste-mask.ng. However, 
these dosage forms are used for immediate release administration of the active drug contained in the 

'^''^MtempTs to prepare stable controlled release pharmaceutical formulations using aqueous dispersions of 
hydrophobic polymers have been unsuccessful due to stability problems. 

Therefore, it is desirable to prepare a controlled release formulation prepared from an aqueous 
dispersion of a hydrophobic polymer. However, to date, attempts to prepare stable controlled release 
pharmaceutical formulations using aqueous dispersions of hydrophobic polymers have been unsuccessful 
due to stability problems. 

In particular, when coating these pharmaceutical forms using aqueous polymeric dispersions to obtain a 
desired release profile of the active drug(s) over several hours or longer, it is known in the art hat the 
dissolution release profile changes on ageing. This was recently demonstrated by Munday. et al.. Drug 
Devel and Indus Phar.. 17 (15) 2135-2143 (1991). which reported the effect of stonng theophylline mini- 
tablets film coated with ethyl cellulose with PEG (2:1 ratio; total coating = 3% w/w). ethyl cellulose with 
Eudraqit® L (2;1 ratio; total coating = 3% w/w); and Eudragit® RL (amount of coating = 1.5 /o w/w) at 
varying temperatures and relative humidities upon the rate of drug release. Samples were subjected o 
isothermal storage at 28-C. 35-C and 45-C with the relative humidity (RH) maintained between 55-60/o. 

, undercyclic conditions of 45- C at 55% RH for 24 hours, then at 28' C and 20% RH for 24 hours, and then 
at 5"C and 10% RH for 24 hours, after which the cycle was repeated, and alternating conditions every 24 
hours between 45 'C and 55% RH and 28-C and 0% RH. The aging process brought about by storage 
under the above stress conditions impeded dissolution, irrespective of the nature of the polymenc film. The 
greatest reduction in release rate was said to occur in the first 21 days (isothermal storage) after coating. 

i This instability problem is known to not exist when the polymers are applied from organic solvent 
solution The use of organic solvents in the preparation of polymer coatings is considered problematic as 
the formulations have inherent problems with regard to flammability. carcinogenicity, environmental con- 
cerns, and safety in general. 
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Furthermore attempts to prepare controlled release pharmaceutical formulations using organic coatings 
have been Targeiy unsuccesll due to stability problems, the rate of drug release be.ng changed upon 



For example, it has been considered desirable in the art to prepare a contro led release fo mdat on 
5 which utilizes a retardant coating derived from an aqueous acrylic polymer dispersion ^"^f 

Commercially available from Rohm Pharma. However, to date it has not been possible to obtain a controlled 
release formulation which is stable under various storage conditions. ^^.^^ ,^ ^„ble when 

More particularly, it is known that a controlled release coating comprising Eudragit® is not stable when 
cured according to recommended curing conditions by the manufacturer of 45*0 for 2 hours. 

OBJECTS AND SUMMARY OF THE INVENTION 

H is therefore an object of the present invention to provide a controlled 
administration which has a controlled release coating derived from an aqueous acrylic polymer dis^sion 
,6 su^h that an essentially stabile dissolution profile of medicament is obtained under various storage 

"Ts" further object of the present invention to provide a controlled ^^-^e form^ ^^^^^^^^^^^ 

an overcoat derived from an aqueous dispersion of an acrylic resm which .s stable under stressed 

conditions including extended periods of high temperature and high humidity. 

,0 These objects and others have been accomplished by the present invention, which relates to a solid 
dosage orm which has a controlled release overcoat derived from an aqueous dispersion o an acryUc resm 
S provides a substantially stable release pattern of a therapeutically active agent(s) contained therein. 

I^rp'esent invention further relates to the surprising discovery that when the coated ^ 
exoosed to certain elevated or "stressed" conditions of temperature and humidity for a certain amount of 

.5 Tmrfdesired end^oint may be attained whereat the release rate of the t^-Peutica.ly ac.ve^^^^^^^^ does 
Tt substantially change upon ageing under a wide range of temperature and/or humidity conditions. This 
JstTc^^sX^ makes it possible to the controiled release coatings of the Pr^l^J^ ~ ^ 
va^ety o? pharmaceutical dosage forms to produce stable controlled release P»^^^"^^^^"^^^ • ^ ^ 

The present invention is also related to a solid dosage form compnsing a core ^o^P"^ng a 

30 therapeutically active agent and an overcoating derived from an aqueous dispersion of an acrylic resin in an 
ar^oun7suffilnt to obLn a controlled release of the therapeutically active agent when the dosage form is 
J^^sL^o Zoe^^^ e.g. gastric fluid. The solid dosage form is cured after the overcoating s 

apX^suchTrthe release of th'a therapeutically active agent is substantially unaffected by exposure to 

. ''-t:';zT:::r^s^ . . .....e. oo^... --rrdrcor ri 

— X ^::St.:nrrir:lara:^^^ a 
contrlTre L" Of sa^ therapeutically active agent when the solid dosage form - -P^-^^^^^^"-^^ 
solutions The coated beads are cured for an extended period of time at a temperature ^^ove th« gif ^ 
. ranirn temperature (Tg) of the plasticized acrylic polymer to attain a ^^jf^^^^^^^l 
dissolution profile which is substantially unaffected by exposure to storage conditions of elevated tempera 

'""TtteTnf'invention is further related to a stabilized solid controlled dosage form comprising a 
therapeuticairac ive agent overcoated with a plasticized acrylic polymer, the coated dosage form being 
curTarrlctive temperature above the Tg of the plasticized acrylic polymer for such P-°^J^^;j 
a stabilized drug dissolution profile substantially unaffected by exposure to storage conditions of elevated 
temperature and/or elevated relative humidity is obtained. ^.^hiii,»H mntrollPd release 

The present invention is also related to a method for obtaining . ^^^"^^^^^^ 

formulation comprising a substrate coated with a plasticized acrylic polymer. The method includes the steps 

50 Of preparing an aqueous dispersion of the acrylic polymer and preferably P'f P^^^^^ ^'^^^^^^^ 
compMsinq a therapeutically active agent, overcoating the substrate with a sufficient amour^ of the 
Ze on ot acrylic polymer to obtain a predetermined controlled release of the therapeu^cally active 
Tnt Ten the cLeS particles are exposed to aqueous solutions and curing the coa^d substrate a a 
eLtive temperature above the Tg of the plast.cized acrylic polymer -/"^^J,; j'7;j3^;'°^^^^^^^^^ 

55 endpoint is achieved at which the coated substrate at,ams a drug dissolution P^°''»%^^''"^'^^ 
.maffPrted bv exDOSure to storage conditions of elevated or changing temperature and/or humidity. 
""Ta furtLTem^^^^^ L method further includes the step of determining ^^^^^^^^^^^^ 
particular formulation by exposing the formulation to various stages of the above-mentioned cunng and 
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of the therapeutically active agent based on the end point. 
5 DE TAILED DESCRIPTION 

'~ZZ^^Z^i^^n.bo6^^^^ ot the present invention, the acrylic polymer comprising the co^^^^^^^^^^ 

•^^^^IZ^dTZX^ as coating, in p,ese„. invention ™, be used in 
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number of side chains, or cor^trolling the ler^gth of tf.e polymer. Such techniques are usually not performed 
*^r^t°:::r thn^ditlon of . ^.e.. . a .im solution so that the requisite changes 

in film properties of the dry film can be achieved. nnlumftr and its 

The suitability of a plasticizer depends on its affinity or solvafng powerfor he F^V-^^^^^^^^ 
effectiveness at interfering with polymer-polymer attachments. Such activity .mparts the desired flexibility 

included in a coating solution is based on the concentration of the 
f|,m-former e-'g^^ most often from about 1 to about 50 percent by weight of the film-former. .Concen^a^on o 
tile pfXizer however, can only be properly determined after careful axpenmentafon with the particular 
coating solution and method of application. nnlvmer 

> form may be subjected to a certain amount of external stress. 

incorporation of suitable plasticizers into the polymer matrix effectively -^-es the Tg so that undo 
ambient conditions the films are softer, more pliable and often stronger, and thus better able to resist 

"''S^tl1,eS of suitable plasticizers include the ability of the plasticizer to act as a good "swelling 
5 aqent" for the ethylcellulose, and the insolubility of the plasticizer .n water. 

Fxamoles of suitable plasticizers for the acrylic polymers of the present invention include, but are not 

Lmns. stimulants (including appetite suppressants such as pt«nylp,opanolam,n9). The atK)ve i,st 
"T„' cc'irpSe'ed emtx-Ciments, the the,apeutica,„ active agent cornpnses l'y*-'rs":,;s°oi 

» rrLrgr:::rr;tr:=^^^^ 

therapeutically active agent comprises theophylline. 
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beads, a plu.alHy o( Ihe .esultani *b*«d soM <,„se when ingested and 

gelatin capsule in an amoent sufficient to provide ^^^^<*^°"*J^^ Z^euticall, active agent a,e 
contacted by gasttic fluid. In ll„s i,„* ^ 

prepared, e.g. ''V — 'l':;;—?;^^^^^ ^"^'^-'r 7 

substrate, lor '"^'^■"" ^''''^".^^Z to assist the hydromorphone binding to the beads, and/or to 
also added pnor to coaling the beads m ™der to ass y nwlhylcellulose. etc. «ith or 

cole, the solution, etc. For example, a product which ^^^^^^^ , h„„„ prior to 

„„h„u, colorant n.a, be f '^^ ^ uiSr c»,ed s"^ .^^^^^ 

ssry-irorerra^r^grn^^^^^^^^ 
ri^^irrrj^thTrn-T-^usritt;^^^^^^^^^ 

-r'h"::L°:pC.'HPMr;:^.ected .0.-0 ^ads .a^^^^^^^^^^^ 

Z^Ti^m^^.^-^^^^''''^-^^^^^^'X:LZ«^ in addi«on to the ,«m-.onn«r. 

. .asr.r::ri:r;sti^,^^^^^^^ 

SaS^S Mt^K-^-vTuitrrrd pTd-: cro,%: ~,at.ns o, presen. „.en„o„ 

' "'%^:"5^s.ci.ed coa«ng o, acrylic polymer '"^ J^'^^JZT^^ ::::;t:SJ:. 
«,e,ape^ly active agent b, spraying using '"Y "^ 0^0.8- .3 underneath, fluidizes the 

method, a Wurste. fluidized-bed system is used ,n which an a , lel .n^cteo ^ ^ 

core material and effects drying while the acrylic <^^"^'^^"^Z^^^27ac^^e agent when said coated 

. coating to obtain a predetermined controled f f^;,*^^;^. Ling into account «» 

::^ct;rs.^s^sTrjr^^^ a- ^^^^^^ - — - °' ~" 
. :r.orLrr^r^:;r.^r^^^^^^^^ 

Net the coated beads are cured order to obtair, a stabilized release rate of the therapeutically active 

naditionallv, curing has been carried out --^-™^-— ^ ^Z::^!!^ 
^ 45.C for 2 hours a«er application. ^,^,,^,,,,3,, , 20% 

reTof^rr rr^^^^^^^^ - disL,.ion profi. of the formulation upon 

storage, as will be demonstrated by the examples set forth herein. ^^j^j^,,; the coated substrate. 

L curing step pursuant ^^^Jl" the curing until 

45 e.g.. beads, to a temperature greater than the Tg ot co^^ 9 ^ich is substantially 

an endpoint is reached at which the coated formulat on f^^^^^^^^ ^^^^^^ Generally, the curing 

unaffected by exposure to ^^^^^ ^^^'^^^'^'Zt^^^^^ -ample, about 45 -C. It has further 

time is about 24 hours or more and the ^/"^Q/f ^^^^^^^^^^^ ^.^ject the coated substrate to humidity 
been discovered in the present invention that it is 7* ^^^"'^^^^^^^ ^ 3,3bilized end product. 

50 levels above ambient conditions during the curing ^^^P n prof fe of pTor art products cured by the 
One possible mechanism for the change in the d'^sotu ^n P^°'^^ ^^^^^ 3 stabilized 

standard methods is that these products -"^'"^ onSt dTss^ 'n contrast, the cured 

;r;r:;rpr^rrtr::::irr^^^^^ 

se substantially unaffected during storage by elevations in ^/^^J-J^^^^^^^^^^^^^^^ subjecting the 

,n preferred embodiments of the present invention, ^^^^^.f ^^'^J..^^^^^^^ ^^rylic polymer for the 
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determined experimenlally. :„„„«„„ »,e siabilized product Is obtained via an oven curing 

,„ certain embodiments ol the ''^ '"'"^^^JZl^ ^ 24 ,„ about 48 hours. Thus, in 
conducted at a temperature ol^"*" « = " '"^.f "^J^, ,„,. 3.,.. 36 hours. In certain prelerred 
certain embodiments. ,t may be Pf /^rs tt is^^c^itemplated herein that certain product! 

:rrLtn';;i"d'eirt'ir.rth?xv^^^^^^^^^^ 

""re^he — d-'^Lse coatin. o, the present invention .to t« '^^^^■^^^ 
-:LtS<d»!^nrm^^ 

:Sior:r.r:tr^:ir°L,rvrarp:::ifer^^^^ 

to owl a stabilized product, will depend upon the particular forrriulafon. 
' nPTAIL^D DESCRIPTlON OF THE P REFERRED EMBODIMENTS 

The following examples illustrate various aspects ot the present invention. They are not to be construed 
to limit the claims in any manner whatsoever. 

5 

Example 1 

Pr eparation of Hydromorphone Beads 



Ingredients 


Percent (by wt) 


Amt/Unit (mg) 


Hydromorphone HCi 

Nu Pariel 18/20 

Opadry® Lt. Pink Y-5-1442 


5.0% 
92.5% 
2.5% 
100.0% 


4.0 mg 
74.0 mg 

2.0 mg 
BOOmg 



Retardant Coating - No Curing Step 
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Ingredients 


Percent (by wt) 


Amt/Unit (mg) 


Hydromorphone beads 
Eudragit® RS30D 
Citroflex 2 (triethyl citrate) 
Talc 

Purified water 


92.59 
4.63 
0.93 
1.85 

W 


80 
4 

0.8 
1.6 
qs 

85:^ 



contling an appropriate weight of beads into a vessel. The results are set forth m Table 3 below. 

TABLE 3 

Hydro- 
inor- Average 
phone Fill Wt 
Time HCl Uml 

iT^Itial 12.34 259.2 

' 1 mo. 12.42 262.6 



2_hr 4jir 8_lir 12_Ji£ 
53,5 76.9 93.6 100.0 



5.1 
6.1 



15.6 
12.6 35.1 56. 



The above results demonstrate that there was a profound slowing of the dissolution of hydromorphone 
HCllom me coa'L beads when the beads were subjected to accelerated storage cond.t,ons. 

EXAMPLE 3 

Pr otecting the Retardant Coat mg 

^ B a stability problem beWeen the ^V*^"^'"™ fL"^'^;^^^,^' HPMC, a.d tes.«l 



50 



55 
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Hydromorphone HCl 8 mg^'SJ'ntrolled Release Capsules 
RhAhilitv n;%ha Summary 

* Hydro- 

mor- Average 
Testing phone Weight 
Time HCl fmg) UlE 2_hr 
I^^Itial 8.49 166 100.0 100.0 

JO 

3 7 • C dry 

"l ittO. 8.49 167 100.0 100.0 
2 mo. 8.49 167 100.0 100.0 

in TABLE 4 , cont ' d 

Hydromorphone HCl 8 mg Controlled Release Capsules 
gi-abilitv n^^a summary 

-xTC./BOk RH ^ 
20 1 mo- 8.49 167 100.0 100.0 

2 mo. 8.49 170.3 100.0 100.0 

The results of Example 3 show that the coated beads which did not include a retardant coating were 

. r^r^s;":::^^^"^^^^^ o. p.aei. the 

hygrometer alone in the 60-C oven for 24 hours, the relative humidity was 9% at 60 0. 
EXAMPLE 4 

35 PrinrArt^^iirinojA ccording to Literature Recommendations) 

,n Example 4. hydromorphone beads prepared according to Example 3 were ^^^^^^ ^^^l^'^^^J^^^ 
RS : weight g'ain. After application of r3rpl stic:Ld':th^ T -'ryf- 

37 • C/80%RH. The results are set forth in Table 5 below. 



TABLE 5 

Hydromorphone HCl 8 Controlled Release Capsules 
^ c;<^:.bilitv P'**-'' summary 

Hydro- 
mor- Average 

: >"l^rs* 8.50 178. 5 8.0 21.8 45.7 79.3 94. z 
♦initial dissolution after curing 

W =0:1 IV.l .oo.„ 

ifj^^3,,„ . .0.1 80.7 9,.0 100.0 



2 mo. 



111 53:; 76:; 90.7 S8.2 100.0 
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From the results provided above, it can be seen that the hydromorphone ^^^^^^r, j'"^^^^^^ 
undervent sigr^ificant changes upon storage, and that the short curing step recommended m the literature 
and utilized In Example 4 did not to help the stability/curing problem. 



5 EXAMPLES 5-6 



PROTECTING THE RETARDANT COATING 

In Example 5. Eudragit®-coated beads prepared according to Example 4 were overcoated with 5% 
HPMC to protect the retardant coating from the environment. Dissolution tests were ^^^^^^^l^^^^^; 
storage at room temperature (RT) for 3 months, and after storage at 37-C dry and 37 C/80/oRH. The 
results are set forth in Table 6 below: 



TABLE 6 

Hydron,orphone HCl 8 mg Controlled Release Capsules 
^ gl-Ahilitv D ^i-^i summary 

Hydro- 
mor- Average 



Testing phone 
Time HCl 
Initial 8.29 



RT 

3 mo. 



8 hr 



12 hr 18 hr 24 hr 

80.2 100.0 



8.42 178.3 9.4 17.9 63.1 81.6 91.8 97.2 



^7-c dry 

1 mo. 8.29 

2 mo. 8.56 

3 mo. 8.30 

-t7'C/80%RH 

1 mo. 8.29 

2 mo. 8.41 

3 mo. 8.78 



182 
175 
177 



186.7 

182 
181.7 



7.9 
9.7 
6.4 



12.5 
15.4 
14.2 



15.7 
17.6 
12.2 



28.6 
31.3 
30.3 



34.8 
35.2 
28.2 



63.9 
61.9 
61.4 



68.4 
66.0 
59.7 



85.7 100.0 
78.5 89.4 

77.8 89.8 



88.0 100.0 
83.2 94.7 



In Example 6. Eudragit®-coated beads prepared according to Example 4 which were not cured we e 
overcoated with i% HPMC to protect the retardant coating from the environment. Dissolu^on este were 
conducted initially, and after storage at 37-C dry and 37-C/80%RH. The results are set forth m Table 7 
below: 
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TABLE 7 

Hydromorphone HCl 8 mg Controlled Release Capsules 
' si^;ibilitv "^^-'^ Summary 

* Hydro- 

mor- Average 

^ "'iir'i.hr 2^ 1^ ^ ^ 

'« initial 8.28 178.3 10.7 10.5 34.0 68.3 85.1 

^.o. 8.32 177 5.5 10.5 21.5 57.3 77.9 92.5 

,6 37 -C dlTY 2.4 6.2 27.3 61.8 

1 1*39 1?? 2 0 6.3 12.6 38.5 70.2 84.6 

3;;o: 1:20 172 1.1 4.1 8.8 30.3 61.2 84.6 

- ^fS^S.28 176.7 2.3 4 0 9 3 32 7 61 4 

I r. I- ^^-.3 30.4 62.3 87.7 

.5 AS can be seen from the results provided in Tables 6 and 7. ^^'^^V^'^" 

(oartulaX the Eudragit® coated spheroids) from agglomerating at acceterated conditions, the termni^l 
HPMC overcoat did not stabilize the products of Examples 5 and 6. On the basis of these results however 
Twa? hTpothesi-V despite the' fact that the dissolution changed under accelerated conditions, the 
cured endpoint could be reached at either dry or moist conditions at 37 -O. 

30 

Examples 7-9 

Optimizing Curing and Ingredients of Retardant Coating 

.0 Sie retardant layer. Additional tests were therefore conducted to determine processing conditions required 
durina manufacture to cure the product to its endpoint dissolution. 

in order to obtain a formulation having a more suitable dissolution curve, and rather than ^e^^ th« 
coating to [ess than 5% weight gain, the more soluble Eudragit<. RL (methacrylic ester 1.20 quaternary 

reta dant cS con isted of 100% Eudragit<. RL. in Example 8. the retardant coating consisted of 50 /o 
E?d agt RL and 50% Eudragit<. RS. Finally. In Example 9. the retardant coating consisted of 10/o 
1 r^git^ RL: Eudragit<. 90% RS. Each of Examples 7-9 were -ted to«^ gain of 5%^ ^ 

Each of the HPMC-protected coatings of Examples 7-9 were cured to 1. 2. 6. 8. 12 and 21 days 
50 C dry at which times dissolution studies as set forth in Example 2 were conducted 

Onfy Example 9 showed a desirable release profile, and curing was complete after only one day^ 

results for three samples) are set forth in Table 8 below: 
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curing 



TABLE 8 

Hvdromorphone HCl 8 mg MD CR Eudragif 5% Beads 
^ ^ Percent Hydromorphone HCl Dissolved 
Wtlml 1 tir 2 hr 4 hr 8 hr 12 hr ^» ^^^^ 

191 16.6 53.1 69.3 86.7 95.6 99.3 100.0 

. fcff 190.7 7.1 33.1 66.6 87.3 99.5 97.9 99.0 

fcff^ 190.7 7.4 35.0 67.0 87.4 95.1 98.4 99.2 



curing 
20 Tiroe 



j ftRLE 8 cont^d 
Hvdromorphone HCl 8 mg MD CR Eudragit* 5% Beads 
Hydromorpno „ dromorphone HCl Dissolved 

Wtlnial 1 hr ? hr 4 hr 8 hr U nt ^^ hr 24hr 

^ 190.7 8.0 36.3 67.7 86.6 93.3 96.8 98.4 

Siif^ 191.3 7.2 36.5 68.9 88.5 94.8 98.0 99.5 

191 6.9 36.1 66.9 86.2 92.7 99.8 99.0 

30 190.3 5.83 31.9 65.2 82.7 90.4 96.3 96.7 

q«-»^^q«» Time/Conditions 
7O-C/80%RH 

3, 190.7 5.9 25.1 62.7 84.6 92.6 97.6 99.5 

Ssf" 190.3 5.6 31.9 65.2 82.7 90.4 96.3 96.9 

stabilized. 

45 

EXAMPLES 10-12 

Optimizing Retardant Coating Thicltness 

X^V.*rc <>„. .uL ba.ches we,e .an^aCu.ed a. di«a,s„, ,eve,s c, 
^TSr;a1oCrrpho:r.2ad7re" p,epa,ed in acccdance ,.ose o, E»a„,p,e 3, as so, 
55 forth in Table 9 below: 
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TABLE 9 



Hydromorphone HCI MD Beads 


Ingredients 


Percent (by wt) 


Amt/Unit (mg) 


Hydromorphone HCI 
Nupariels Pa 18/20 
Opadry Lt Pink Y-5-1442 
Opadry Lt Pink Y-5-1442 


4.75% 
87.89% 
2.38% 
4.99% 
100% 


4 
74 

2 

4.2 



The hydromorphone beads were then further processed in accordance with B<ample 5. In ^^riiple 10 
the retardant coating was Eudragit® RS. Eudragit® RL 90:10 (5% w/w coating). The formula for Example 10 
is set forth in Table 10 below: 

TABLE 10 



Hydromorphone HCI MD CR Eudragit® 5% Beads 


Ingredients 


Percent (by wt) 


Amt/Unit (mg) 


Hydromorphone beads 


87.96% 


84.2 mg 


Eudragit® RS 30D (90%) 


3.97% 


3.8 mg 


Eudragit® RL 30D (10%) 


0.42% 


0.4 mg 


TEC (20% of RS & RL) 


0.88% 


0.84mg 


Talc (40% of RS & RL) 


1 .75% 


1 .68mg 


Purified water 




qs 


Opadry Lt Pink Y-5-1442 


5.01% 


4.8 


100% 


95.72mg 



Examoles 11 and 12 are prepared in similar fashion to Example 10. In Example 11. the retardant 
coatfng warEudragit® RS. Eudragit® RL 90:10 (8% w/w coating). In Example 12. the retardant coa 'ng was 
Eud'agit® RS. Eudragit® RL 90:10 (12% w/w coating). The formulas for Examples 11 and 12 are set forth m 
Tables 11 and 12. respectively, below: 

TABLE 1 1 



Hydromorphone HCI MD CR Eudragit® 8% Spheres 


Ingredients 


Percent (by wt) 


Amt/Unit (mg) 


Hydromorphone beads 
Eudragit® RS 30D (90%) 
Eudragit® RL 3QD (10%) 
TEC (20% of RS & RL) 
Talc (40% of RS & RL) 
Purified water 
Opadry Lt Pink Y-5-1442 


84.2% 
6.07% 
0.67% 
1 .35% 
2.70% 

5.0% 
99:99% 


84.2 
6.07 
0.67 
1.35 
2.70 

qs 
5.0 

MM 
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TABLE 12 



Hydromorphone HCI MD CR Eudragit® 12% Spheres 


Ingredients 


Percent (by wt) 


Amt/Unit (mg) 


Hydromorphone beads 
Eudragit® RS SOD (90%) 
Eudragit® RL SOD (10%) 
TEC (20% of RS & RL) 
Talc (40% of RS & RL) 
Purified water 
OpadryLt Pink Y-5-1 442 


79.69% 
8.61% 
0.95% 
1.91% 
3.82% 

5.02% 
100% 


84.2 
9.1 
1.0 
2.02 
4.04 

qs 
5.3 

iD5:bb 



for three samples) are set forth in Table 13 below: 

TABLE 13 

Hydromorphone HCl CR 8 mg Eudragit- 5% Capsules 
^ percent Hydromorphone HCl Dissolved 
Time JTtfmi ) ^ . hr 4 hr 8 hr 12 hr -18_hr_241i£ 

, fefffll.3 6.3 36.2 69.3 87.8 97.3 100.0 

iinitial dissolution after curing 

RT 



1 mo. 

Mean 191.1 
77'C/80%RH 

Mean 191.6 



Mean 194.3 
n7*c Dry 



6.0 

6.9 
11.4 



30.8 



63.1 83.4 91.8 96.3 



28.5 63.2 

35.6 70.7 



84.5 
90.5 



91.5 
96. 8 



95.6 
100 



97.9 
97.8 



Mean 192.0 
BO-c Dry 
1 mo. 

Mean 191.4 



11.4 35.1 68.6 87.9 94.5 



11.1 41.4 



90.4 96.5 100 



70.6 

^190.7 7.1 33.1 66.6 87.3 97.9 99.0 

^ SiSf^l90.7 7.4 35.0 67.0 87.4 95.1 98.4 99.2 

the product 01 Example 10 »as also stable aner one da, c.™^^^ ^|^3„„,^, .^n samples of 

e r:iet:,sr.o:r^.S Lr^s'^^-^^o. o. m„*. Be.ese„.a.e «al 
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dissolution profiles (mean results for three samples) for Example 11 are set forth in Table 14 tjelow: 

TART.E 14 

5 Hydromorphone HCl CR 8 mg Eudragit* 8% Capsules 
Percent Hydromorphone HCl Dissolved 
Time Mi-vmo^ 1 hr ? hr 4 hr B hr 1? hr 18 hr ^4hi: 

0.8 3.3 40.0 78.4 90.7 97.5 99.9 
* initial dissolution after curing 
-t7-c/80%RH 

kS^7.3 8.6 34.1 72.8 85.5 93.2 97.2 

AS can be seen from the dissolution results provided above for Example 11. the results obtained after 2 
day curing are substantially similar to the results obtained under ^^^^^e cond-^^^^^^^^ 

37-C/^%RH thus indicating the stability of Example 11 after a 2 day --""^^^^'^'^'^''^l^'l^Z 
Lttl obtained with Examine 11 showed slower release rates of hydromorphone. as would be expected 

'''^'^TtZ'^^^es of Example 12 were tested for dissolution, and then samples of 
ExamS 12 were subjected to further tests after storing for one month at room temperature, and under 
Sce'elted c^ndLns of 37.C/80%RH. 37-C dry and SO'C dry. Representative dissolufon profles (mean 
results for three samples) for Example 12 are set forth in Table 15 below: 

25 

TABLE 15 

Hydromorphone HCl CR 8 mg Eudragif 12% Capsules 
Percent Hydromorphone HCl Dissolved 
3, Tiine .wi-(..r ^^ 1 hr y ^r- 4 hr B hr 12 hr IB^iT 

fefffl5.3 0.8 3.1 9.3 70,9 90.4 100.8 104.8 

♦initial dissolution after curing 

RT 

1.8 4.6 62.9 84.3 96.1 99.8 

4.8 7.2 50.8 74.3 87.3 93.3 

2.2 6.9 59.7 82.2 96.3 100 

1.5 3.3 51.5 76.2 90.9 97.4 

AS can be seen from the dissolution results provided above for Example 12, the dissolution results 
obtained with Example 12 showed slower release rates of hydromorphone as compared to the th.nner 
Irdant ctafings Temples 10 and 11. as expected. The overall --"^.f ^ f^^^^^^^ Te 

attain a stabilized formulation. 




2.2 
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EXAMPLE 13 

Morphine Sulfate Coated Beads 
, ""Te^^^I^^^iTi^!^^ of the present invention was applied to a formulation in which morphine 

and HPMC (Opadry^ Clear V-5-7095) was apP- -o^^^^^^^^^^^^ 
™i in a fluid bed dtvet with a Wwstw Insert ot an inlet temperature of 60 C. An opadry* 

lSL^S 1-4729 HPMC BasMHr^oating suspension was .hen applied after drug loading as a p«^t,.e 

""'1° S — n", process was completed, the n^r^ne suKate bea* .^^^t 

-rrsnp^^rrftSsrir.^^^^^^^ 

(included as an anti-tacking agent) and Irlelhyl citrate (plasSclzer) was done at an inlet temperature of 
" '''Sl'rSCrovercoating was co„,plete. the morphine suHate beads were given a final over- 
coatina of Opadry® lavender YS-1-4729 at a 5% weight gam level. 

AftercXielion of the final filmcoating process, the morphine sulfate beads were cured on P^P^r l-ned 
trays TaT-C dry oven for 2 days. After curing, the beads were filled into gelafn capsules at a 30 mg 
20 morphine sulfate strength. The final formula is provided in Table 16 below: 

Table 16 



Processing Step 


Ingredient 


Mg/Capsule 


Drug Load 


Morphine Sulfate 
Nupariel PG 18/20 
Opadry® Clear Y-5-7095 


30 mg 
255 mg 
15 mg 


First Overcoat 


Opadry® Lavender YS-1-4729 


15.8 mg 


Retardant Overcoat 


Eudragit® RS 30D 
Eudragit® RL 30D 
Triethylcitrate 
Talc 


14.2 mg 
1.6 mg 

3.2 mg 

6.3 mg 


Final Overcoat 


Opadry® Lavender YS-1 -4729 
Total: 


18.0 mg 
359.1 mg 



Dissolution stability studies were then conducted on the ^''^^^^f^^^!;. ^^6^^ 
« mentioned curing step at storage conditions of room ^ ' 

after one month and after two months. The results are set forth m Table 17 below. 



45 



SO 
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7J ^Rt.E 17 

Morphine Sulfate CR 30 mg Eudragit* 5% Capsules 
percent Morphine Sulfate Dissolved 
1 hr ^ 4 hr 6 hr fl hr U hV J« hX 24hir 

^it^ 0.0 43.5 74.9 91.8 95.3 99.8 100 

*initial dissolution after curing 

EE 

^ 0.0 36.9 73.8 86.9 92.2 96.5 99.9 100 

^ 2.0 37 72 _ 82 88 92 96 99 

T7-C/80%RH 

0.0 28.4 70.3 84.8 92.1 97.7 100 

2 mo 
Mean 



1.9 30.1 68.4 79.9 87.0 93.5 95.6 97.8 



37 -c Dry 

SiSS" 0.0 32.0 72.5 86.0 93.2 97.3 100 
SiS^ 0.9 26.4 67.5 78.8 88.6 94.0 98.0 99.5 



'io'c Dry 

feS^ 0.0 37.7 74.1 89.3 93.7 98.5 100 
30 2.0 33.0 74 85 94 98 

The results set forth in Table 17 demonstrate that the curing process stabilized the dissolution profile of 
the Ir^hine sutte "o an endpoint dissolution rate which substantially rer^ained constant, even for the 
35 samples stored under accelerated conditions. ■ t „ ^ tu^ r^roctsnt 

The examples provided above are not meant to be exclusive. Many "T^^ 
invention would be obvious to those skilled in the art. and are contemplated to be wrthm the scope of the 
appended claims. 



A method for obtaining a stabilized controlled release formulation comprising a substrate coated with an 
aqueous dispersion of an acrylic polymer, comprising 

preparing an aqueous dispersion of a plasticized acrylic polymer, 

preparing a solid substrate comprising a therapeutically active agent ^,«.,H^i^«d acrvlic 

overcoat^g said substrate with a sufficient amount of said aqueous dispersion of ^^^'^^^^'^^ 
polymer to obtain a predetermined controlled release of said therapeutically active agent when said 
coated substrate is exposed to aqueous solutions, and . ♦ ^ r,ro=,t«r than the 

curing said coated substrate by subjecting said coated substrate to a temperature g^eat^t^an the 
alass transition temperature of the aqueous dispersion of plasticized acryhc polymer and continuing the 
S un^^ an endpoint is reached at which said substrate attains a dissolution profile which is 
substanSy unaffected by exposure to storage conditions of elevated temperature and/or humidity. 

The method of claim 1. further comprising determining the endpo.nt for the formulation by ^;;PO=;;9 
formation which is uncured or substantially uncured to stressed storage conditions o^a^^ 
disTolut on profiles for the formulation until the dissolution profiles of the formulation are substantially 



stabilized. 
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3. The method of claim 2. further comprisir^g modifying the fom^ulation to obtain a desired dissolution 
profile of said therapeutically active agent based on said end point. 

' an oralToC form by placfng a sufficient quantity of cured coated beads .nto a capsule. 

5 The method of claim 1. further comprising preparing said substrate for oral administration by 
incorporating said therapeutically active agent into a tablet. 

6 The method of claim 1 . wherein said acrylic polymer comprises one or more copolymers of acrylic and 
methacrylic esters having a desired content of quaternary ammonium groups. 

(meth)acrylic esters of about 1:40. with a suitable plasticizing agent, 
a The method of claim 1. wherein said coated substrate is cured for at least about 24 hours, until the 
20 endpoint is reached. 

9. The method of claim 1 . wherein said coated substrate is cured for a time period from about 24 to about 
48 hours. 

« 10 The method of claim 1 wherein said coated substrate is cured for about 48 hours, 
stimulants. 

salts of any of the foregoing, and mixtures of any of the foregoing. 
13. The method of claim 1. wherein said therapeutically active agent is theophylline. 
40 14. The stabilized product prepared according to the method of claim 1 . 
15. The stabilized product prepared according to the method of claim 4. 
16 The stabilized product prepared according to the method of claim 5. 

temperature and/or elevated relative humidity. 

,8. The s.a.,,.ed co„.ro« «,.ase so«d dosage '^'^ 'I^^J^^X'^' ^oT^-^^^^^^^^ 
agent is overcoated with said aqueous dispersion of plasticized acrylic polymer lo 
55 from about 5 to about 15 percent. 
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quaternary ammonium groups. 



20 The stabilized controlled release solid dosage form of claim 17. wherein said acryl-c polymer co^mg .s 
Ldved from a mixture of a first copolymer of acrylic and methacrylic esters havng a molar at>o of 
ammonium groups to (meth)acrylic esters of about 1:20 and a second copolymer ^cry^ 
methacrylic esters having a molar ratio of ammonium groups to ^^^^^^ ' 

ratio of said first copolymer to said second copolymer being from about 10.90 to about 90.10. 

21 The stabilized controlled release solid dosage form of claim 17. wherein said substrate comprises an 
,0 ■ inert pharmaceutically acceptable bead onto which said therapeutically active agent .s coated. 

22. The stabilized controlled release solid dosage form of claim 21. wherein a plurality of saW coated^ 
cur^ beads are placed in a capsule in an amount sufficient to provide an effective controlled release 
dose when contacted by an gastric and intestinal fluid. 
" 23. The stabilized controlled release solid dosage form of claim 17 which has been cured for a time period 
from about 24 to about 48 hours. 

24. The stabilized controlled release solid dosage form of claim 17 which has been cured for about 48 
20 hours. 

25. The stabilized controlled release solid dosage form of claim 17. wherein said substrate is compressed 
with or without additional inert ingredients into a tablet. 

25 26. The stabilized controlled release solid dosage form of claim 17. wherein 

agent is selected from the group consisting of antihistamines, analges.cs. ^" '-'"^^■^^^^^^^^^^^^^ 
oastro-intestlnals anti-emetics, anti-eplleptlcs, vasodilators. anti-tuss.ve agents, expectorants, anti 
Lthmars Tnt l-spLmodics. hormones diuretics, antl-hypotensives. bronchodilators. ant-nflammatory 
jlTds antiS, antihemorrhoidals. hypnotics, psychotropics, antidiarrheals. mucolyt,cs. sedafves. 

30 decongestants, laxatives, antacids, vitamins, and stimulants. 

27 The stabilized controlled release solid dosage form of claim 17. wherein ^^^'^'^^'^^^'^j;^;'^ 
IgLTs selected from the group consisting of hydromorphone. oxycodone, f^^^;^^^^;^^''^^^ 
dfhydromorphine. morphine, buprenorphine. salts of any of the foregoing, and mixtures of any of the 
35 foregoing. 

28. The stabilized controlled release solid dosage form of claim 17. wherein said therapeutically active 
agent is theophylline. 

40 29. A stabilized controlled release solid dosage form comprising ^, ^ ^ ^ ... ^ .h«rflnM.ticallv 
a substrate comprising an inert pharmaceutically acceptable bead onto which a therapeutically 

''^Vr:ltJ:TLcos^e6 with an aqueous dispersion of a P'-ti^'-; ^^"^^^^^^ 
coDolvmer derived from a mixture of a first copolymer of acrylic and methacryhc esters having a molar 
.5 "So Ta^To^un. groups to (meth)acryllc esters of about 1:20 and a second copolymer of acryhc and 
" m^ hi^nc esters having a molar ratio of ammonium groups to (meth)-ry™ oJ^bouM :40.^ « 
ratio of said first copolymer to said second copolymer be.ng from f J^f « f^'J coSd 
substrate being coated to a weight gain level from about 5 to about 15 P^-^^^"* J"^ 
substrate cured at a temperature greater than the glass transition temperature of he aqueous 
dXrs on of the plasticized acrylic polymer for at least about 24 hours, such that the coated substrate 
slmzed dissolution profile substantially unaffected by exposure to storage conditions of 
elevated temperature and/or elevated relative humidity. 

30. The stabilized controlled release solid dosage form of claim 29 which has been cured for a time period 
55 from about 24 to about 48 hours. 

31. The stabilized controlled release solid dosage form of claim 29 which has been cured for about 48 



hours. 
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32. The stabilized controlled release solid dosage form of claim 29. wherein said substrate is compressed 
with or without additional inert ingredients into a tablet. 

33. The stabilized controlled release solid dosage form of claim 29. whe^in ^^j.^^ '^^^^^^^ 

aqent is selected from the group consisting of hydromorphone. oxycodone, d.hydrocode.ne. codeme, 
dihydromorphine. morphine, buprenorphine. and saHs of any of the foregoing. 

34. The stabilized controlled release solid dosage fom, of claim 29. wherein -J-^^^^ l^ 
cured beads are placed in a capsule in an amount sufficient to provide an effective controlled release 

dose when contacted by an aqueous solution. 

35. The stabilized controlled release solid dosage form of claim 29, wherein -^^^'^^^^^^^^^^ 
agent is selected from the group consisting of antihistamines, analgesics. ^" -"^^-^^^^^^ 
qastro-intestinals. anti-emetics, anti-epileptics, vasodilators, anti-tussive agents, ^xpet^to ants antt 
Shmatics anti-spasmodics. hormones, diuretics, anti-hypotensives. bronchodilators. ^^r^'^^^^f^ 

antibiotics, antihemorrhoidals. hypnotics, psychotropics, antidiarrheals. mucolytics, sedatives, 
decongestants, laxatives, antacids, vitamins, and stimulants. 

36. The stabilized controlled release solid dosage form of claim 29. wherein said therapeutically active 
) agent is theophylline. 

37. A stabilized solid controlled release dosage form comprising a substrate ^°"^P"«J"Vnrari"i'2^^^ 
active agent said substrate overcoated with a controlled release coating derived from an aqueous 
SpersSn o a plasticized ammonio methacrylate copolymer which has been stabdized by cur^g at a 
temperlre above the glass transition temperature of the plasticized ammonio methacrylate copo yme^ 
ZTa VZ period necessary to obtain a final product which exhibits an in vitro release^ of sa^ 
therapeutical^ active agent which is substantially unaffected by exposure to storage conditions of 
elevated temperature and/or elevated relative humidity. 
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